Background: Avibacterium paragallinarum, the causative agent of infectious coryza, is a highly contagious respiratory acute disease of poultry, which affects commercial chickens, laying hens and broilers worldwide. Methodology: In this study, we performed the whole genome sequencing, assembly and annotation of a Peruvian isolate of A. paragallinarum. Genome was sequenced in a 454 GS FLX Titanium system. De novo assembly was performed and annotation was completed with GS De Novo Assembler 2.6 using the H. influenzae str. F3031 gene model. Manual curation of the genome was performed with Artemis. Putative function of genes was predicted with Blast2GO. Virulence factors were identified by comparison with the Virulence Factor Database. Results: The genome obtained has a length of 2.47 Mb with 40.66% of GC content. Seventy five large contigs (>500 nt) were obtained, which comprised 1,204 predicted genes. All the contigs are available in Genbank [GenBank: PRJNA64665]. A total of 103 virulence factors, reported in the Virulence Factor Database, were found in A. paragallinarum. Forty four of them are present in 7 species of Haemophilus, which are related with pathogenesis, virulence and host immune system evasion. A tetracycline-resistance associated transposon (Tn10), was found in A. paragallinarum, possibly acting as a defense mechanism. Discussion and conclusion: The availability of A. paragallinarum genome represents an important source of information for the development of diagnostic tests, genotyping, and novel antigens for potential vaccines against infectious coryza. Identification of virulence factors contributes to better understanding the pathogenesis, and planning efforts for prevention and control of the disease.
productivity, increased mortality up to 48% and a reduction up to 75% of egg production. Although this disease is rarely seen in broilers, an outbreak in Panama caused mortality and 45% of production losses [2] .
A. paragallinarum produces an acute catarrhal inflammation of mucous membranes and sinus passages, as well as catarrhal and subcutaneous edema of face and wattles. It is characterized by nasal discharge, watery eyes, facial swelling, anorexia, diarrhea and swelling of wattles. A. paragallinarum infection was also reported in non-respiratory organs such as liver, kidney and tarsus [3] .
Nowadays, the use of inactivated A. paragallinarum vaccines against infectious coryza formulated from local strains is the best way to control the disease [4, 5] . However, these vaccines have the disadvantage of inducing protection only against the serotypes included in the vaccine, but not to other strains [6] . The lack of effective vaccines for A. paragallinarum requires new efforts and the use of novel approaches. The A. paragallinarum genome sequence is an important source of information for a better understanding of the biology of this pathogen, in particular in the development of vaccines and more accurate methods of genotyping.
In this study we present the genome sequence and its annotation of a circulating pathogenic strain of A. paragallinarum isolated from a broiler outbreak in Ica, a city in the central coast of Peru. This strain was previously identified as serovar C. This genome was compared with related organisms, focusing on virulence factors. Contigs obtained from whole genome sequencing was joined in a contiguous pseudo molecule, which was used to predict genes and estimate the GC content. This circular plot shows the distribution of coding DNA sequences, genes and mRNAs obtained in the A. paragallinarum genome. Each bar in the internal circle represents the mRNAs, in the middle circle represents the genes, and in the outer circle represents the coding DNA sequences, respectively.
Methodology:
Microbiological culture A Peruvian local isolate of A. paragallinarum was obtained by direct culture of the infraorbital sinuses of a broiler from an infectious coryza outbreak in a local farm (Ica, Peru). The isolate was cultured in chocolate agar [7] with factor X-V and incubated in a microenvironment with 5% CO2 at 40°C for 48 hours. After three passages, the colonies were collected in a modified BHI culture with 50% glycerol and stored at -80°C.
DNA library and sequencing
Genomic DNA was extracted from reactivated bacteria using DNeasy Blood & Tissue Kit (Qiagen, Valencia, CA, USA) with slightly modification that includes a lysozyme treatment at 37°C for 1h followed by incubation with Proteinase K at 56°C overnight. The quantity and quality of the eluted DNA was tested with picogreen kit (Invitrogen, Carlsbad, CA, USA) and Biophotometer Plus (Eppendorf, Hamburg, Germany) respectively.
A 454-FLX shotgun library was prepared with 500 ng of genomic DNA using a GS FLX Titanium Rapid Library Preparation Kit (Roche, Branford, CT, USA). Quality assessment was performed with the Agilent Bioanalyzer using High Sensitivity DNA Kit (Agilent Technologies, Santa Clara, CA, USA). The obtained library was clonally amplified within a water-in-oil emulsion (EmPCR). EmPCR and titration by enrichment were made using GS FLX Titanium SV emPCR Kit Lib-L (Roche, Branford, CT, USA). Then, the DNA beads were sequenced in a GS FLX Titanium PicoTiterPlate 70x75 (Roche, Branford, CT, USA) on the GS FLX+ Sequencing System.
Data processing and assembly
The raw signal data were processed with the software GS Run Processor to obtain the reads. Given the lack of a reference genome for mapping assembly, de novo assembly was conducted using GS De Novo Assembler 2.6. The chicken genome [GenBank: PRJNA10808] was filtered out of the assembly. Quality control was performed using GS De Novo Assembler and CLC Main Workbench 6.7. We discarded chimeric sequences and homopolymeric errors originated by the pyrosequencing process itself. A total of 1,204 genes were predicted from the pseudomolecule. All of these were assigned with a putative function using Blast2GO supplementary material) ). The distribution of orthologous genes clusters is presented in (Figure 2) . H. influenzae, followed by Aggregatibacter actinomycetemcomitans and P. multocida were the organisms that showed the highest number of homologue genes with A. paragallinarum (Figure 3 ).
Genome annotation

Virulence factors analysis
One hundred and three virulence factors from the VFDB were found in A. paragallinarum Table 3 (see supplementary  material) , and 44 of them were found in common with the 7 Haemophilus compared in the database [19] Table 4 (Available with authors). From these results, we found an IgA protease, adherence-related factors (ompP5 and type IV pili proteins); and a region of 6,488 nt highly identical (>99%) to the transposon Tn10, containing four tetracycline resistance genes Table 4 (Available with authors) with (Figure 4 ).
Discussion & Conclusion:
The present study presents for first time a draft genome sequence of A. paragallinarum, its annotation and comparison with Haemophilus, identifying potential virulence factors. Interestingly, Tn10 transposon was found partially in A. paragallinarum sequencing data. This transposon was found in plasmids from several chicken pathogens, including Escherichia coli, and Salmonella enterica serovar Typhimurium. Tn10 has been used to induce mutagenesis to study the effect of mutations in the fitness [20] , and for the construction of a tagged mini-Tn10 plasmid bank to attenuate the pathogen virulence, which could be used as live attenuated vaccine [21] . Tn10 is a transposon of 9,147 nt, comprising four genes associated to tetracycline resistance (tetR/A/C/D) [22] . These genes may potentially cause tetracycline resistance in A. paragallinarum, which needs to be further studied. Tn10 typically has two insertion sequences (IS10-L and IS10-R) and two transposases (ydgA and yedA) flanking them. However, these sequences were not found in the A. paragallinarum corresponding contig (6, Contamination with chicken DNA was reduced from the assembly by filtering the chicken genome. Assembly errors, contig ordering and genome closure were not made since no paired-end library was produced and no reference genome was available yet. Therefore, it is important to perform complementary studies to build the complete chromosome in order to define the genetic structure and perform more accurate comparisons with related organisms.
The availability of A. paragallinarum genome is an important achievement for poultry industry, which would facilitate the development of useful tools against infectious coryza. Furthermore, the identification of virulence factors and immunogenic and antibiotic-resistant factors contributes to understanding the pathogenesis, and contribute to efforts for prevention and control of the disease. 
